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Abstract 
Currently, combined wearable technological devices and healthcare clothing have been developed smart clothing system and the 
application of high-tech devices in ubiquitous computing anytime-everywhere life. Also smart healthcare wear systems have 
advanced in measuring bio-signals and supporting physiological conditions which is the wearer being healthier and more 
comfortable. This paper aimed to develop smart healthcare wear system that good design, super-lightness, and easy-to-use for 
smart wearable healthcare system are the key in the development of E-textile related industrial medical wear system. Smart 
healthcare wear system (SHWS) was designed with a sensor and transmission line based on electro-conductive filament yarn and 
electro-conductive fabric WD-270-NiCo. Without an arm band and wireless transmission sensor was selected as a portable and 
diminutive SHWS which was combined TENS. The results of effectiveness of cure performances were as follows: the mean of 
subject’s blood pressure was significantly decreased to the lower values of after-wearing SHWS than before-wearing the SHWS 
with TENS in the systolic pressure (p-value; .0001***, p<.001), as t-test using statistical analysis method (SAS 9.1). The results 
of this study can offer to be applied to the effective treatment of another patient, and contribute to the further development of the 
wearable medical clothing profession by providing a stepping stone for high-tech smart medical clothing system with E-textiles. 
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1. Introduction 
Recently, the world's attention and interest in alternative medicine and oriental medicine has grown significantly. 
Specially, the importance of acupuncture treatment as an alternative treatment for illnesses in the field of oriental 
medicine has been more widely researched, and is already well known to be effective in treatment and prevention of 
certain chronic diseases. 'Smart' is a recently adopted term in the context of materials and textiles, which can also 
cover earlier technologies in its wider definition. E-textiles are playing an essential role in smart textile systems, and 
may be expected of 'intelligent textiles' and 'smart clothes' in information, and actuator technologies, switches, 
transponders and touch pads, sensors for pressure and temperature, and  smart textile systems for communicating 
with a server system [1].  
E-textile based smart technologies will give the textile and wearable functional industry a high-tech value of 
making daily life healthier and more comfortable. Smart clothing can be achieved in electro-active textiles by 
combining multifunctional electronic device. There have been integrated and converged medicine, clothing and 
textiles, electronics technology, and other studies. New smart clothing technologies have advanced in healthcare 
smart wear, as others continually emerge. They have advanced healthcare smart wear systems to measure bio-
physiological signals and environment conditions of the wearer [2,3]. The researches could be applied to the 
effective treatment of patients, and contribute to the further development of the medical clothing profession by 
providing a stepping stone for high-tech smart medical clothing system with E-textiles [3,4]. Recently, with 
wearable computing devices, sensors, antennae, miniature processor chips, radio frequency identification (RFID) 
tags and readers embedded in the especial wear systems or hospital program systems will be able to interact with 
sensors on the body or wearable technological devices 
The purpose of this research was to develop the E-textile based Smart healthcare wear system (SHWS) with 
Transcutaneous Electrical Nerve Stimulator (TENS) as a healthcare device for the hypertensive, and then SHWS is 
proposed as being able to treat the effective device for hypertensive. Through these evaluations, the optimal type of 
Smart healthcare wear system (SHWS) as an effective high-tech healthcare device for the hypertensive patients were 
found, and then continually increasing expectations and needs for enhanced healthcare for the hypertensive.  
2. Literature review 
2.1. E-textiles 
The Venture Development Corporation (VDC), a USA-based technology market research company, define 'smart 
fabrics and intelligent textiles' 'fabrics and textiles that cognitively respond or interact to environmental or electrical 
stimuli. With a focus on applications for electrical stimuli, they further outline these responses as: conducting, 
transferring or distributing various properties through the material or across the material's membrane; such 
properties include electrical current light energy, molecular or particulate matter, and thermal energy, changing 
physical characteristics or phase, such as color, permeability, energy [4,5]. 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Smart Wear System. 
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Fig. 2. Utilizing applications of various E-textiles interface. 
Smart textiles represent the latest generation of research into functional and performance textiles. The transfer of 
computing and processing functionalities directly embedded into textiles via a range of technologies has taken this 
research into areas of particular interest and benefit to various usages. Researchers in Belgium working on a smart 
suit for monitoring children regard smart textiles as 'one step beyond' wearable computing, which will provide 
distinct advantages. 
Significantly, it can be deduced that the leading companies perceive smart clothing as the next generation of 
electronic devices, and the smart clothing is the next emerging market. Smart clothing represents the future of both 
the textile/clothing industry and electronic industry and has an effort to make electronic devices a genuine part of 
our daily life (Fig. 1).  
2.2. Benefits of E-textiles 
Their benefits over solid or stranded metal wires come from conductive fibers' flexibility and ability to use them 
in existing textile and wire machinery (weaving, sewing, braiding, etc.). Recent new entrants into the conductive 
fiber market now include highly conductive stainless steel fiber.  
E-textiles have been successfully produced by using thin wires of various metals in woven and knit constructions 
(El-Sherif, M., 2003). By impregnating a knit, woven or nonwoven substratum with carbon or metal powders, semi-
conductive fabrics have been successfully produced. For the last twenty years electrically conductive and semi-
conductive fabrics have been utilized in a wide variety of applications “including electromagnetic interference” 
(EMI)( Fig. 2.). By the late 1990's, it became apparent that a new genre of sophisticated textiles made from 
conductive fabrics could possibly be produced. Uses for conductive fibers and textiles may include static 
dissipation, EMI shielding, signal and power transfer in low resistance versions, and as a heating element in higher 
resistance versions. 
One advantage of shields made of electrically E-textiles is their lightness and considerably lower cost, in 
comparison with shields made of metal sheets and wire mesh. Building on earlier research, Ellis’ developments have 
recently brought to market a range of embroidered textile implants utilizing a novel adaptation of a standard sewing 
machine [5] 
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Fig. 3. Communication with Smart Shirt from Sensatex (http://www.sensatex.com(source: sensate). 
The potential benefits of smart E-textiles in medical use can be summarized as follows: integration of 
functionality into textile interface, flexible materials which conform to the body, wearable materials suitable for 
clothing or bedding, familiar interface providing more comfortable and acceptable products, versatile in design, 
materials and structures. And they enable patient mobility whilst undergoing monitoring, continuous monitoring of 
vital signs for post-operative recuperation premature or chronically ill babies, elderly patients, reduction of invasive 
procedures, inclusive design solutions for all users, remote or at-home monitoring of activity through clothing, 
bedding, upholstery or carpets low power needs linked to communication network, cost-effective solutions 
appropriate for disposable usage, facilitate present healthcare, enable integration of feedback and therapies into 
monitoring (Fig. 3) [6,7]. 
2.3. E-textiles in healthcare 
The technical textiles field has seen rapid recent growth (Horrock, S and Anand A., 2000) with applications to all 
aspects of society including in particular automotive and aerospace industries plus utilization in architectural tensile 
structures and geo-textiles for civil construction. Much of this established textiles expertise is now being applied to 
medical uses. For example, both the Wealthy and Smart-shirt projects demonstrate the levels of strategic funding 
recently available in both the USA and EU to support research into health monitoring [8]. The monitoring data is 
processed by the Polar heart rate monitoring unit which is inserted into the lower band of the bra, and read back 
from a watch-shaped monitor worn on the wrist. Although this product is designed for sports use, the potential for 
preventative healthcare is enormous, as comfort, washability (around 100 times) and easy-to- use are key features 
[9].  
Smart fabrics promise to revolutionize clothing by incorporating sensors into cloth for health, lifestyle and 
business applications. In the long term, they could consist of circuits and sensors that provide all of the typical 
electronics we carry around today, like mobile phones and PDAs. Current, first-generation applications are far more 
modest, and pioneering medical smart fabrics are used to monitor vital signs like heart rate and temperature. Now 
one research team has developed groundbreaking medical-sensing smart fabrics, and its work could lead to 
pregnancy monitoring belts, sports clothing that provides training tips, a wearable physical game controller, a vest 
that helps to prevent repetitive strain injury, and comfortable and unobtrusive biochemical measurement equipment 
could play a significant role in preventative and recovery medicine, among other areas. 
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Fig. 4. Sketch and Development of SHWS added with TENS. 
Therefore, the objectives of this study were as follows: 
 
1. To develop E-textile based smart glove systems curing hypertension by stimulating the meridian points on the 
palm.  
2. To measure the effectiveness of cure performance of the glove systems (SHWS) by clinical field test.  
3. Methodology 
This chapter investigates the physical and electrical performance of E-textiles which they are appropriate 
materials for transmission line and electrode of smart medical glove system, and to develop E-textiles based smart 
medical system for hypertensive by stimulating the meridian points on the palm. This chapter introduces 
experiments for measurements of the effectiveness of cure performance and usability evaluation of Smart healthcare 
wear system (SHWS) by clinic test, and the statistical analysis of these evaluations. 
 
3.1. Specimen and design of Smart healthcare wear system (SHWS) 
The types of electro-conductive yarn and three types of electroless plated fabrics were chosen as test specimen.  
The conductive properties (Linear Resistance (Ω/m), Sheet Resistance (Ω/sq)) were measured by DMM4050® 
digital multi-meter (Hitachi).They have excellent flexible and durable functionalities, commercially available 
specimens. The general characteristics of the test specimen were shown in Table 1.  
 
Table 1. Characteristics of specimen. 
Type of E-textiles Composition Fabric Density (5cm X 5cmt) Finish 
Electrical Resistance Property 
E-yarn Stainless-steel   14±7 (Ω/m) 
E-fabric Polyester 120X100 Electroless plating; NiCo 50~0.005 (Ω/sq) 
 
SHWS was designed the outer glove protects the inner glove with a sensor and transmission line based on 
stainless steel filament yarn and conductive fabric WD-270-NiCo. Without an arm band was selected to enable the 
use of TENS as a portable SHWS which was added TENS on inner glove Fig.4. TENS for SHWS is the low 
frequency stimulator BUTTERFLEX-600S® (Kirin Co. LTD., Korea) was chosen as the TENS model, with a 
stimulating frequency range of 1~1200Hz. Using the conductive textiles, transmission line was inserted in the inner 
glove. The power source was one Lithium battery. In this study, the user controlled the manual programs of two 
TENS for 15 minutes during each treatment. 
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3.2. Cure performance test 
3.2.1. Subject 
The subjects were 32 male hypertensive patients who had at least 130mmHg systolic and 90mmHg diastolic 
blood pressure, and had been receiving hospital treatment for hypertension at least three years. By clinical 
experiment, all of the tests were conducted with medical doctor. They were divided into two groups: 16 Acute and 
16 Chronic hypertension groups. The Acute hypertensive patients have become hypertensive within the past three 
years and were systolic blood pressure ranging from 130~140mmHg. 
3.2.2. Experimental procedure and Statistical analysis of the clinical test 
The experiment of cure performance was performed to measure blood pressure and pulse rate, before and after 
wearing SHWS for 15 minutes. The reason that we treated each patient for 15 minutes with our device was because 
all commercially available similar devices were recommended to be used for 15-20 minutes.  
Statistical analysis of the clinical test was performed using SAS 9.1. Effectiveness of treatment was evaluated by 
the paired t-test and Wilcoxon signed rank test for post-test. Our independent variables were an age (16 Old-aging 
and 16 Senior-old-aging groups) and a medical history (16 Acute and 16 Chronic hypertension groups), and 
dependent variables were blood pressure and pulse rate before and after wearing SHWS.  
4. Results and discussion 
4.1. Cure performance 
The results of the cure performance test of SHWS with Transcutaneous Electrical Nerve Stimulator (TENS) for 
hypertension treatment are presented below. A system that performs palm stimulation as a mean of lowering blood 
pressure and pulse rate was presented, with the results in terms of effect presented in Table 2 and Table 3. 
 
Table 2. Changes of blood pressure and pulse rate within total hypertension group before 
and after wearing SHWS (N=32). 
 
 
 
SHWS 
n=32 p value1) 
Mean ± S.D 
Systolic Blood 
Pressure 
(mmHg) 
Before Wearing SMGS 139.81 ± 5.61 0.7916 
After Wearing SMGS 126.22 ± 6.76 0.0629 
Difference3) -13.59 ± 4.09 0.0012 
p value2) <.0001***  
Diastolic Blood  
Pressure  
(mmHg) 
Before Wearing SMGS 83.81 ± 4.33 0.8481 
After Wearing SMGS 75.59 ± 3.78 0.5448 
Difference -8.22 ± 2.26 0.5496 
p value <.0001***  
Pulse Rate 
(bpm) 
Before Wearing SMGS 76.13 ± 3.26 <.0001 
After Wearing SMGS 70.81 ± 2.46 0.0007 
Difference -5.31 ± 3.17 0.1713 
p value <.0001***  
* p<.05, ** p<.01, *** p<.001 
1) p-value for independent two-sample t-test 
2) p-value for paired t-test  
3) Difference: Before wearing SHWS, After wearing SHWS 
 
Changes of blood pressure within hypertension group before and after wearing SHWS are shown in Table 2, and 
before-wearing the SHWS, the mean blood pressure of total hypertension group were 139.81 ± 5.61 mmHg for 
systolic blood pressure and 84.03 ± 4.76 mmHg for diastolic blood pressure. After wearing the SHWS for 15 
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minutes, the mean blood pressure of total hypertension group was 126.22 ± 6.76 mmHg for systolic blood pressure, 
and 75.59 ± 3.78 mmHg for diastolic blood pressure. These results show that there was a significant difference in 
blood pressure before and after wearing the SHWS in systolic blood pressure as well as diastolic blood pressure (p-
value; 0001***, p<.0001***). Changes of blood pressure and pulse rate within Acute hypertension group before and 
after wearing SMGS 1 (N=32). Acute hypertension group are shown in Table 2.  
The mean pulse rates of Acute-group were 72.75 ± 2.27 bpm before wearing the SHWS and 68.06 ± 2.29 bpm 
after wearing the SHWS. Significantly, the pulse rate (Difference: -4.69 ± 2.41, p<.001) decreased to the normal 
range (Table 3). The results of the Wilcoxon signed-rank test, were found the same as the results of the Acute 
hypertension groups (p-value 0.0313*, 0.0005***) in significant level (Table3). 
In the same way, Changes of pulse rate within Chronic hypertension group before and after wearing SHWS 
(N=16) are shown in Table 3. The mean pulse rate dropped significantly from 73.25 ± 2.11 bpm to 69.25 ± 2.35 
bpm (p-value; < 0.0000***, p<.001). This indicates that patient pulse rates were stabilized by the SHWS with TENS 
(Table 3). The result of the Wilcoxon signed-rank test, were found the same as the results of Chronic hypertension 
groups in significant level (Table 3). 
 
Table 3. Changes of pulse rate within 16 Acute and 16 Chronic hypertension groups before and after 
wearing SHWS by Wilcoxon rank sum test. 
 
 
Mean ± S.D 
Pulse Rate (bpm) 
Before 
Wearing SHWS 
After 
Wearing SHWS 
Difference3) 
Acute; N(16) 72.75 ± 2.27 68.06 ± 2.29 -4.69 ± 2.41 
Chronic; N(16) 73.25 ± 2.11 69.25 ± 2.35 -4.00 ± 2.37 
p value4) <.0001*** <.0001***  
* p<.05, ** p<.01, *** p<.001 
1) p-value for independent two-sample t-test 
2) p-value for paired t-test  
3) Difference: Before wearing SHWS, After wearing SHWS 
4) p-value for Wilcoxon rank sum test 
4.2. Post-hoc statistical power analysis for the results of Cure Performance (blood pressure (mmHg)) 
The validation of sample size was statistically calculated with “power" valued test using post-hoc statistical 
power analysis as follows: a post-hoc statistical power analysis using the mean and standard deviation of the 
measured paired difference showed that the sample size of 16 subjects in each group was adequate for this study 
(Table 4 and 5). Therefore, the number of 16 Acute subjects and 16 Chronic subjects are sufficient for statistical 
analysis. The each 16 subjects would be enough for evaluating bio-signal (blood pressure (mmHg)) trends of a 
human body (real patient) in a clinical field test. 
 
Table 4. The results of "power" valued can be calculated with given sample size: The Acute Hypertension Group. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The Acute Hypertension Group 
Mean of paired 
difference SD 
Sample 
Size Power 
Systolic blood pressure (mmHg) 22.08 2.85 16 > 0.9 
Diastolic blood pressure (mmHg) 6.50 3.26 16 > 0.9 
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Table 5. The results of "power" valued can be calculated with given sample size: The Chronic Hypertension Group. 
 
 
 
 
 
There was no significant difference between Acute and Chronic hypertension groups, and between Acute and 
Chronic hypertension groups. As an outcome of this tendency, we can also propose that SHWS may be suggested an 
effective healthcare device for the hypertensive, no matter what their age and medical history. 
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The Chronic Hypertension Group 
Mean of paired 
difference SD 
Sample 
Size Power 
Systolic blood pressure (mmHg) 23.42 3.81 16 > 0.9 
Diastolic blood pressure (mmHg) 6.83 3.56 16 > 0.9 
